Abstract. The paper presents the results of ex vivo studies of the possibility to control the absorption and scattering properties of the human gastric wall mucosa. For the first time we obtained the increase of the tissue absorption coefficient in the range 350-1250 nm by 2-4.5 times under the injection of haemoglobin solution with the concentration of 70 g/L into the mucosa. The observed increase of the absorbed energy fraction by nearly 65-90% was accompanied by almost 50-60% decrease of the penetration depth at the wavelengths of the sources widely used for laser ablation and coagulation of gastric mucosa paraplasms. Under the injection of 40% glucose solution into the mucosa, we observed the reduction of the absorption coefficient in the spectral region of water absorption bands approximately by 20% and the reduction of the transport scattering coefficient by nearly 24-27% in the spectral range 350-2500 nm. Increasing of the depth of laser radiation penetration in this case amounted to 15-17% in the range 800-1100 nm. The performed studies show the possibility in principle to control the optical parameters of the gastric wall tissues from the point of view of both varying the laser radiation penetration depth and regulating the tissue absorbance and, hence, the power of laser radiation, which, in turn, will allow more safety and less invasion in the course of laser therapeutic procedures. © 2017 Journal of Biomedical Photonics & Engineering.
Introduction
The contactless laser coagulation and ablation of pathologic formations in different organs is widely used in modern clinics [1] [2] [3] [4] [5] [6] [7] [8] . The radiation from infrared diode lasers in the range 800-1100 nm penetrates deep enough, since in this range the absorption of such tissue components as haemoglobin, melanin, proteins, and water is relatively small [9] . Thus, the danger of tissue damage or perforation arises. To prevent these complications, the authors of some papers propose to increase the thickness of the irradiated object. Thus, e.g., according to the data of Refs. [10] [11] [12] , in order to protect the mucosa of stomach and intestinal wall in the course of laser endoscopic resection, the layers of mucosa and submucosa were separated by a certain spacing, filled with glycerol, sodium hyaluronate, or hydrogel.
An alternative possible approach is to optimise the laser impact by varying the optical parameters of the tissue. The control of optical parameters can be implemented both by enhancing the absorption properties of the object itself and by reducing the scattering in the tissues adjacent to the lesion focus. In the first case, on the one hand, the laser beam penetration depth is reduced and, on the other hand, the fraction of energy absorbed in the lesion focus is essentially increased, thus improving the laser coagulation efficiency. In the second case, the precision of laser radiation focusing is facilitated.
The absorption and scattering properties of the stomach wall mucosa are well-studied [13] [14] [15] [16] . It has been shown that the use of biocompatible immersion agents, such as solutions of glycerol, propylene glycol, etc., results in efficient optical clearing (i.e., light scattering reduction) of the gastric tissues in the near IR spectral region [17] [18] [19] [20] [21] . Earlier we proposed to use haemoglobin in order to control the scattering properties of blood by creating a local haemolysis site in a blood vessel [22] . In the present paper, we propose to use the blood haemoglobin as an absorbing agent.
The aim of the paper is to study the effect of aqueous haemoglobin solution and aqueous 40% glucose solution on the optical properties of gastric wall mucosa in order to improve the conditions for laser coagulation in the visible and near IR spectral ranges.
Materials and methods
The study has been performed with 15 samples of human gastric wall mucosa from different patients, obtained in the course of planned operations or anatomic investigations. The experimental studies were approved by the Ethics Committee of V.I. Razumovsky Saratov State Medical University. Immediately after the autopsy, the samples were placed in 0.9% solution of NaCl and were kept in it until the conduction of spectral measurements during 4-8 hours at the temperature ~4 С.
Immediately before the measurements, the samples having the dimensions of nearly 15×20 mm 2 were cut from the tissue. Five samples were used as a control group. They were not subjected to the impact of any agents. The next five samples were subjected to multiple injections of the standard aqueous solution of haemoglobin (OOO "AGAT-MED", Russia) with the concentration 70 g/L. The total volume of the solution injected into each sample amounted to ~0.1 mL. Into the rest five samples the standard 40% aqueous solution of glucose (NPO "Microgen", Russia) was injected in a similar way. Multiple injection of preparation microdoses over the mucosa area before the laser exposure was intended to model the conditions of the endoscopic laser coagulation procedure. Then the samples were placed between two microscope slides without compression. The edges of the slides were fixed. The sample thickness was measured by means of a micrometer at five points. The accuracy of the measurement was ±10 µm. The obtained values were averaged. The resulting thickness of the samples varied from 1 mm to 2.5 mm.
The coefficients of total transmission and diffuse reflection were measured not later than in 10-15 minutes after the injections. The optical properties of the tissue were studied in the spectral range 350-2500 nm using the spectrophotometer LAMBDA 950 (PerkinElmer Ltd, UK) with integrating sphere, which is a doublechannel monochromator with the built-in system of control and signal recording. The photometric accuracy of measurements amounted to ±0.0006 Abs. As a source of radiation, we used a halogen incandescent lamp. The
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To process the experimental results and to determine the optical parameters of mucosa we used a combined method. At the first stage of the method, the measurement data were processed using the inverse adding-doubling (IAD) method [ 
T are the values of the diffuse reflection coefficient (R d ) and total transmission coefficient (T t ) experimentally measured and theoretically calculated using the Monte Carlo method [26] , with the geometry of the studied medium and the experiment taken into account. As an iteration procedure, we used the Nelder-Mead simplex-method thoroughly described in Ref.
[27]. The iteration procedure was continued until the agreement of the measured and the calculated data to a given accuracy (<0.1%).
The light penetration depth is one of the most important characteristics for the correct determination of irradiation doze in photochemical and photodynamic therapy of different diseases, as well as the optical radiation dosimetry in the laser surgery of gastric ulcer. The depth of radiation penetration into the tissue (δ) was evaluated using the relation ( ) a a s δ 1 3µ µ µ′ = +
[28].
Results and discussion
Figures 1 and 2 present the spectra of the absorption coefficient ( a µ ) and the transport scattering coefficient ( ' s µ ) of the gastric wall mucosa before and after the injection of aqueous haemoglobin solution. The averaging was executed over five samples of the tissue. From Fig. 1 it follows that in the spectral range from 350 to 1250 nm one can observe an essential increase of the absorption coefficient of the mucosa (by 2-4.5 times depending on the wavelength). In the spectral range 1250-2500 nm the increase is expressed essentially weaker. Such behaviour of the absorption coefficient is related to the characteristic absorption of haemoglobin in the visible wavelength range. From Fig. 2 it follows that the injection of the aqueous solution of haemoglobin has practically no effect on the scattering characteristics of the mucosa. The result of estimating the depth (δ) of light penetration into the tissue is shown in Fig. 3 . The used expression is applicable to the case when the tissue surface is uniformly illuminated by the radiation from a point source, located at some distance from the surface. This corresponds to the conditions of real laser surgery of gastric wall, since in this case the illuminating probe is introduced directly into the stomach cavity without a contact with the mucosa surface. The depth of light penetration into the mucosa was calculated using the values of the absorption coefficient (see Fig. 1 ) and the transport scattering coefficient (see Fig. 2 ).
Another important parameter is the fraction of the incident radiation energy absorbed in the mucosa. This parameter was calculated in the course of Monte Carlo modelling, and the result is presented in Fig. 3 , too.
In this figure one can clearly see that the depth of laser radiation penetration essentially decreases in the visible range of wavelengths (at the wavelength of Nd:YAG laser radiation (1064 nm) the penetration depth decreases by nearly 60%, whereas the fraction of absorbed energy at this wavelength increases by nearly 90%). The computer simulation allows the evaluation of the change of the absorbed energy fraction at the wavelengths of diode-based laser systems used for the photodestruction of tissue neoplasms. Thus, for the wavelength 810 nm the injection of haemoglobin aqueous solution leads to the increase of the absorbed energy fraction by nearly 80% with almost 50% reduction of the laser radiation penetration depth. For the wavelength 970 nm, the increase of the absorbed energy fraction amounts to nearly 65% with about 50% decrease of the laser radiation penetration depth. Figures 4 and 5 present the spectra of absorption and transport scattering coefficients of the gastric wall mucosa before and after the injection of aqueous 40% glucose solution. The averaging was performed over five samples of tissue.
In Fig. 4 , one can clearly see that the injection of glucose solution into the mucosa practically does not change its absorption properties, except the region of water absorption bands in the near IR spectral region with the peaks at 1450 and 1940 nm. This fact is due to the replacement of the mucosa interstitial fluid with the glucose solution and, hence, the decrease of water content in the tissue. Figure 5 clearly demonstrates that the glucose injection leads to the essential (~20%) reduction of the transport scattering coefficient all over the range of wavelengths under study (24-27%), which leads to the increase of the laser radiation penetration depth (see Fig. 6 ).
The computer simulation shows that the growth of the penetration depth of laser radiation is about 15% for the wavelength 810 nm, about 17% for 970 nm, and about 16% for 1064 nm. Practically no increase of the fraction of photons absorbed in the mucosa is observed (see Fig. 6 ). 
Conclusion
As a result of the performed studies of the possibility to control the absorption and scattering properties of the gastric wall mucosa, we report the first experimental observation of the tissue absorption coefficient increase in the range 350-1250 due to the injection of haemoglobin solution into the tissue. After the injection of 40% glucose solution into the mucosa, we observed a decrease of the absorption coefficient in the region of water absorption bands and the decrease of transport scattering coefficient all over the range under study (350-2500 nm) .
The performed studies show the possibility to control the optical properties of the gastric wall tissues from the point of view of both changing the depth of laser radiation penetration and regulating the tissue absorbance and, therefore, the incident radiation power. Increasing the absorption in the affected tissues will allow the reduction of the incident radiation power, which, in turn, will reduce the risk of damaging healthy tissues surrounding the lesion area, which can find application in planning the operations of gastric ulcer treatment using up-to-date laser technologies.
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